Ropivacaine plasma concentrations are similar during continuous lumbar plexus blockade using two techniques: pharmacokinetics or pharmacodynamics? (+ Article)
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To the Editor: 

We read with interest the recent article published by Kaloul et al. We would like to congratulate the authors for having performed this study looking more closely for the pharmacokinetics of a perineural continuous infusion of ropivacaine. However, we disagree with their final conclusion stating that a continuous infusion of ropivacaine 0.2% at 12 mL◊hr-1 results in a local anesthetic accumulation and may result in a dangerous blood concentration if maintained at that rate for 48 hr. The results of their study do not allow the authors to state that, since the free concentration of ropivacaine, responsible for the pharmacodynamic effects, has not been measured. In a quite similar condition it has been shown that the plasma concentration of unbound ropivacaine and unbound 2.6-pipecoloxylidide (the major active metabolite of ropivacaine) added together, does not increase and remains well below threshold levels for systemic toxicity after a continuous infusion of ropivacaine of either 6 or 9 mL◊hr-1 after 48 hr. Surgery is responsible for the release of a1-acid glycoprotein which is buffering the free fraction of ropivacaine preventing any dangerous increase in blood concentration. The increase in the total ropivacaine blood concentration observed in both studies is explained by an infusion rate greater than the liver metabolism. Under these conditions the danger of systemic toxicity is most likely after the initial bolus, not after a continuous infusion as long as the liver continues to release a1-acid glycoprotein. 
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REPLY: 

Dr. Blumenthal and colleagues disagree that at 12 mL/hr ropivacaine accumulates and may result in potentially toxic blood concentrations. As one can see from the , steady state was never achieved since the highest blood concentrations were obtained on the last samples. When blood concentrations are increasing during a fixed infusion rate it is because the amount of drug administered is higher than the patient's total elimination. So, yes, our patients were accumulating the drug. 

    After a major surgery, a1-glycoprotein increases as part of the inflammatory response to the surgical stress. It does not mean however that toxic concentrations of local anesthetics (free drug) will never be achieved. Patients with systemic signs of toxicity (pre-seizure) have been seen with infusion for continuous peripheral nerve blocks. This may be explained by several factors. To name a few: clearance may be reduced as part of a disease (for example the half-life of lidocaine may be increased from 1.5 to 5 hr with poor hepatic blood flow or liver insufficiency) or from inhibition of CYP1A2 (incidentally lowering the free fraction of a drug will in itself reduce the amount of drug available for metabolism and reduce clearance) or simply interindividual variability. The protein liaison may be displaced by other drugs (simple competition). Finally the amplitude of the inflammatory response may vary with the type of operation performed. 

    It does not mean, however, that continuous infusions of local anesthetics should be abandoned but simply that the infusion rate should be adjusted to the patient's ability to handle it. 
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Ropivacaine plasma concentrations are similar during continuous lumbar plexus blockade using the anterior three-in-one and the posterior psoas compartment techniques. [Les concentrations plasmatiques de ropivacaïne sont similaires pendant le bloc continu du plexus lombaire réalisé par voie antérieure trois-en-un et par voie postérieure de la loge du psoas] 
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ABSTRACT:  

Purpose: To compare ropivacaine blood concentrations obtained after a continuous lumbar plexus block performed either by the anterior three-in-one femoral (FEM) technique or the posterior (psoas compartment; PSOAS) technique.

Methods: As a substudy of a larger clinical trial, 24 patients were randomly allocated to receive a bolus of 30 mL of ropivacaine 0.5% plus epinephrine 1:200,000 followed by an infusion of ropivacaine 0.2% at 12 mL◊hr-1 for 48 hr via one of the two continuous lumbar plexus block techniques. Plasma ropivacaine concentrations, up to 48 hr, were measured by high performance liquid chromatography.

Results: Mean plasma ropivacaine concentrations were higher in the PSOAS group at 15, 30, and 60 min (two-way analysis of variance, P < 0.0001) but areas under the curve were similar for both groups (FEM 452.4 ± 253.6 mg◊hr-1◊L-1, PSOAS 433.4 ± 99.0 mg◊hr-1◊L-1). Mean maximal plasma concentrations were observed at 48 hr and were comparable for the two techniques (FEM 2630.9 ± 1470.3 ng◊L-1, PSOAS 2325.1 ± 604.2 ng◊mL-1). There was no correlation between blood concentrations at 48 hr and body weight (r2 = 0.085, P = 0.21). One patient in the FEM group achieved a concentration of 6201 ng◊mL-1 at 48 hr.

Conclusions: Although the posterior PSOAS block results in higher early plasma concentrations of local anesthetic than the anterior three-in-one FEM block, both techniques are equivalent with regards to their potential toxicity when a continuous infusion is administered. Local anesthetic accumulation occurs with an infusion of ropivacaine 0.2% at 12 mL◊hr-1 and can lead to potentially dangerous concentrations at 48 hr.

Can J Anesth 2004 / 51 / 52-56

SINCE the introduction of low molecular weight heparins, which are relative contraindications for the concomitant use of continuous postoperative epidural analgesia, continuous lumbar plexus blocks have been suggested as possible alternatives for analgesia after total knee replacement (TKR). Continuous lumbar plexus blocks decrease morphine consumption and may facilitate rehabilitation. Two main techniques can be used: the anterior three-in-one femoral nerve (FEM) block and the posterior lumbar plexus (psoas compartment, PSOAS) block. The latter may achieve a more complete blockade of the lumbar plexus since it provides more consistent blockade of the obturator nerve, one of the four nerves implicated in the sensory innervation of the knee. 

    Despite the theoretical advantages of the PSOAS block, it is infrequently used. One possible reason may be the absence of pharmacokinetic data. To date, there are no data available on local anesthetic blood concentrations achieved after a continuous PSOAS block. Data are available for the three-in-one FEM block but extrapolation may be erroneous as the site of injection of a local anesthetic may affect its absorption and maximal blood concentration achieved (Cmax) and/or the timing of Cmax. Since the posterior approach results in injection of local anesthetic into or close to muscles, which are richly vascularized tissues, we hypothesized that the PSOAS block may lead to higher blood concentrations of local anesthetics than the three-in-one FEM block. The aim of this study is to compare plasma local anesthetic concentrations in patients undergoing a continuous PSOAS block to those in patients undergoing a continuous three-in-one FEM block. 

Methods

The local Ethics Committee approved the study protocol and written informed consent was obtained from all patients. This study was a substudy of a randomized controlled trial that compared the clinical efficacy of iv patient-controlled analgesia (PCA) with morphine, PCA plus continuous PSOAS block, and PCA plus continuous three-in-one FEM block in adult (20–80 yr of age), American Society of Anesthesiologists (ASA) physical status class I to III patients undergoing primary TKR for osteoarthritis. A convenience sample consisting of the first 24 patients to receive one of the two lumbar plexus blocks in that study were enrolled in this substudy. Patients were excluded if they were allergic to amide local anesthetics, fentanyl, or midazolam; had a history of hepatic or renal insufficiency (serum creatinine > 150 mmol◊L-1), alcohol or drug abuse, a contraindication to regional anesthesia, or anemia; or weighed over 110 kg. 

    Catheters were inserted under sterile conditions after application of standard monitors (electrocardiogram, non-invasive blood pressure monitor, and pulse oximeter). Patients were sedated with iv fentanyl 50 to 150 mg and iv midazolam 1 to 3 mg. Supplemental oxygen through nasal prongs was administered as required. The three-in-one FEM block was performed with an insulated 10.2 cm long, 18-gauge (G) Tuohy needle (CNB 400, Contiplex“ B. Braun Medical Inc., Bethlehem, PA, USA) with the patient in supine position as described by Winnie et al. The PSOAS block was performed in the lateral decubitus position (operative side up) with an insulated 15.2 cm long, 18-G Tuohy needle (CNB 600, Contiplex“ B. Braun Medical Inc., Bethlehem, PA, USA) with the technique described by Winnie et al. The catheter was inserted approximately 7 cm beyond the tip of the needle when contraction of the quadriceps (elevation of the patella) occurred with stimulation at 0.5 mA or less. All blocks were performed in a regional anesthesia induction room. 

    For all patients, a bolus of 30 mL of ropivacaine 0.5% plus epinephrine 1:200,000 was injected through the catheter. Three millilitres of the solution were injected as a test dose, followed by the rest of the solution if no evidence of local anesthetic toxicity occurred within three minutes of the test dose. An infusion of ropivacaine 0.2% was started immediately after the bolus at 12 mL◊hr-1 for 48 hr. When the adequacy of the catheter position was confirmed by the appearance of sensory or motor blockade of the FEM, patients were transferred to the operating room. Spinal anesthesia with 12.5 to 15 mg of isobaric bupivacaine 0.5% and fentanyl 10 to 15 mg were administered for the surgery. 

    An iv heparin lock was inserted for blood sampling in the upper limb contralateral to the iv infusion line. Blood samples of 6 mL were taken for the plasma ropivacaine levels before the injection, and at 15, 30, 45, 60, 75, and 90 min and six, 24, and 48 hr following the end of the bolus injection. Samples were placed on ice and centrifuged within one hour of collection. Plasma samples were stored at -20∞C until assay. For plasma ropivacaine concentration measurements, samples were prepared according to Björk et al. (precision of 10%). To 1 mL of plasma sample, 5 mg of lidocaine was added as an internal standard, followed by the addition of 375 mL of sodium carbonate 10% and extraction with 5 mL of n-hexane:methylene chloride (4:1 v/v) by gentle agitation for 30 min. After centrifugation, the organic layers were transferred to other tubes and dried by evaporation. The residues were reconstituted with 250 mL of mobile phase (70 mM sodium sulfate in 1.25 mM sulphuric acid: ACN 65:35 v/v) and analyzed using the high performance liquid chromatography (HPLC) separation technique reported by Arvidsson (precision of 10%) with some modifications. Aliquots of 100 mL were injected into the analytical column (Hichrom S5 ODS 1) of the HPLC system at 40∞C with ultraviolet detection at 210 nm. The calibration curve for ropivacaine ranged from 125 to 4000 ng◊mL-1 of plasma. 

    Continuous data with a normal distribution were analyzed with unpaired t tests, two-way analysis of variance (ANOVA), or repeated measures of ANOVA, followed by the Scheffe's method if necessary. Ordinal data were analyzed with Mann-Whitney, Kruskall Wallis, or Friedman tests followed by Student-Newmann-Keuls analysis where appropriate. Nominal data were analyzed with Chi squared test or Fisher exact test. A P value < 0.05 was considered statistically significant. 

Results

The two groups were comparable regarding age, weight, height, gender distribution, ASA physical status, length of surgery, central core temperature upon arrival at the recovery room, and total perioperative blood loss (). Two patients (one from each group) were excluded from the data analysis because time zero samples were contaminated with lidocaine. 

    Patients in the PSOAS group had significantly higher plasma ropivacaine concentrations at 15, 30, and 60 min after the injection (ANOVA, P < 0.0001; ). Maximal plasma concentrations were measured at 48 hr after the injection for both groups. Apparent clearances and areas under the curve (AUC) were comparable between the two groups (). One patient, weighing 83 kg, in the FEM group achieved a plasma ropivicaine concentration of 6201 ng◊mL-1 at 48 hr after initiation of the continuous infusion. There was no correlation between plasma ropivicaine concentrations and body weight (r2 = 0.085, P = 0.21). No patient developed signs of local anesthetic toxicity. 
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Discussion

Early plasma ropivacaine concentrations were higher with the PSOAS block than with the three-in-one FEM block (). These results reflect an earlier absorption of the local anesthetic in the psoas compartment and are consistent with anatomical observations that the lumbar plexus lies immediately behind or within the psoas muscle, a highly vascularized structure. To date, at least one case of acute local anesthetic toxicity has been described with the PSOAS block. However, this does not imply that the posterior technique increases the risk for toxicity when a continuous infusion is given through a correctly placed catheter, since blood concentrations achieved were equal in both groups after 24 hr of continuous infusion (). Moreover, AUCs, which reflect the amount of circulating local anesthetic during the entire infusion period, were similar in the two groups (). 

    The total plasma concentration of ropivacaine required to induce central nervous system toxicity is unknown. Muller et al. reported a patient who had grand mal seizures after the iv injection of ropivacaine during an axillary brachial plexus block. Using a two-compartment model, they estimated that the maximal plasma concentration achieved in their patient at the end of the injection was 5750 ng◊mL-1. Although the mean plasma concentrations measured in our study were well below that level, they tended to increase with time and a potentially toxic level was achieved in one of our patients at 48 hr (6201 ng◊mL-1) without any specific identifiable cause. 

    Burm et al. measured total and free plasma concentrations of ropivacaine obtained with epidural infusions after hip and knee replacements. With epidural infusions of 20 and 30 mg◊hr-1 for 72 hr, they also found that ropivacaine tended to accumulate with increasing plasma levels until the end of the infusion. Moreover, as in our study, they also observed wide interpatient variations in ropivacaine accumulation, metabolism, and excretion since one of their patients achieved a plasma concentration well above the rest of the cohort (7100 ng◊mL-1), also without any identifiable precipitating factor. Neither Burm's patient nor our patient displayed any clinical signs of local anesthetic toxicity. 

    The elevation of a-1 glycoprotein that is usually observed after major surgery may have modified the proportion of free ropivacaine and offered a certain degree of protection against local anesthetic toxicity. We did not measure free ropivicaine concentrations or plasma a-1 glycoprotein concentrations. Nevertheless, our results suggest that long-term ropivacaine infusions should be used cautiously, especially in patients where amide local anesthetic metabolism may be decreased as in hepatic or cardiac insufficiency. 

    In our study, there was no correlation between ropivacaine concentrations and body weight. Other investigators have suggested that the maximal doses of local anesthetics in adults are more related to the site of injection than to body weight. Indeed, the Cmax observed in our study was not measured in the smallest patient. 

    In conclusion, with the PSOAS block, plasma ropivicaine concentrations increase earlier than with the three-in-one FEM block, reflecting injection of a local anesthetic into a more vascularized area. However, when a continuous infusion is administered over 48 hr, both techniques are similar in their potential toxicity with comparable AUCs and maximal plasma concentrations. Finally, a continuous infusion of ropivacaine 0.2% at 12 mL◊hr-1 (24 mg◊hr-1) results in local anesthetic accumulation and may result in potentially dangerous blood concentrations if maintained at that rate for 48 hr. 
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